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There seems some doubt, though, whether Knox was correct in hypothesising that the sex ratio of anencephalics varies with their incidence in relation to the dizygotic twinning rate.
The pattern of variation seems to suggest that there are two sorts of cause of anencephaly, one of which is environmental and affects predominantly female embryos. The other may be environmental or genetic, and seems to attack the sexes in roughly equal numbers.
If this hypothesis were correct, it would carry implications for the testing of specific teratogens.
It is well known that anencephalic infants include a high proportion of females. Under the circumstances it is convenient, following Knox (1974) , to refer to the F/M ratio of the affected. Knox established that in general this ratio is higher in populations in which the incidence of anencephaly is high than in populations in which the incidence is low. The question arises whether this feature also occurs within populations: are the anencephalics born to particularly susceptible subgroups within populations also disproportionately often female? Knox, in elaborating his fetus-fetus interaction hypothesis, suggested that the sex ratio of anencephalics varies with the incidence of anencephaly in relation to the dizygotic (DZ) twinning rate. More recently, I have suggested that the sex ratio of anencephalics simply varies with their incidence (James, 1979) . Dizygotic twinning only varies appreciably with some variables (maternal age, race, parity), so both Knox's hypothesis and mine would predict similar associations of anencephaly incidence and sex ratio over those other variables (social class, season, etc.), which do not greatly affect dizygotic twinning. In this paper, two questions will be considered. Firstly, is there some general association between the incidence and sex ratio of anencephalics within populations? Secondly, if so, is it better described by Knox's hypothesis or mine? I shall first consider the variation of anencephaly rates and sex ratios across those variables which do not greatly affect DZ twinning (that is, those variables in regard to which Knox's hypothesis and mine would predict similar outcomes). Later I shall consider the variation in Received for publication 11 July 1978 relation to the other variables to see whether the data favour either hypothesis.
Social class
Of all the environmental factors, social class is the one which seems to have the most powerful association with anencephaly within populations, so, prima facie, it is the one best suited to test the present hypothesis. Table 1 gives the anencephaly rates and the sex ratios of anencephalic stillborn infants by social class for Scotland 1961 to 1976. The trend in sex ratio with social class may be assessed by a rank correlation. For these data, Kendall's T (corrected for ties) takes a value of 00354 and the one-tailed probability associated with this value is 0-0170. So, though the association is weak, it is decidedly significant. Knox (1974) Elwood (1975) showed that there was a slight, but significant, excess of anencephalics in the winter in Canada. The F/M ratio of these winter cases was 2-22 and the summer F/M ratio was 2-03. Elwood dismissed the difference as 'not significant'. However, the 2 x 2 x2 value for this difference is 2-04, and the one-tailed P value corresponding to this is 0-076. Lastly, Czeizel and Revesz (1970) presented data on the seasonal incidence and sex ratios of anencephalics in Hungary. They were inclined to dismiss the seasonality in incidence, yet, using the test of Hewitt et al. (1971) , their data show a seasonality which is significant at the 5% level. The anencephalics born in the six months with the highest incidence have a higher F/M ratio than those born in the other six months. The differences between these two ratios is assessed by a x2 of 2 71, which is significant at the one-tailed 5 % level. Elwood (1976) failed to find a clear association between the incidence and sex ratio of anencephaly across the provinces of Canada; nevertheless, the suspicion remains that there may generally be such a relationship.
Season

Secular variation
If the suggestion being examined here were true, then secular variation in the anencephaly rate should be disproportionately due to variation in the female rate contrasted with the male rate. A number of studies have established that this is so. For instance, Leck (1972) Religion Naggan (1971) reanalysed the data of Naggan and MacMahon (1967) : these data suggested that, in Boston, Catholics had the highest anencephaly rate and Jews the lowest, the Protestant rates taking a midway value. Naggan found that the F/M ratio of the affected followed the same pattern, being highest in Catholic, and lowest in Jewish, births.
Maternal age
The regression of anencephaly rates on maternal age has often, but not invariably, been found to be Ushaped, higher rates being characteristic of both young and old gravidae contrasted with those in the middle childbearing years. Tables 2 and 3 Knox (1974) . Addition of a further five years' data to those for England and Wales, and a further seven years' data to those for Scotland, makes no appreciable difference to the curves of regression of F/M ratio on maternal age. Knox (1974) hypothesised that the F/M ratio should vary with the anencephaly rate compared with the dizygotic twinning rate. In Great 1947. MacMahon and McKeown (1952) give the sex ratios (F/M) of the anencephalics in Birmingham 1940 to 1951 as 2-80, 1-73, and 1-93 for birth orders 1, 2, and 3+. Table 4 gives the incidence rates and F/M ratios by parity for anencephalic births in Scotland 1961 to 1976. It will be seen that in both sets of data the anencephalic F/M ratio and incidence rates have similar curves.
These data seem to point to a lacuna in Knox's hypothesis. Dizygotic twinning rates increase monotonically and sharply with parity (Bulmer, 1970) , so 131 Knox's formulation seems to commit him to predict an anencephalic F/M ratio which declines monotonically with parity.
Race
The dizygotic twinning rates, anencephaly rates, and anencephaly F/M ratios in the three principal races may be summarised as in Table 5 . It will be noted from the two bottom rows of the 
Discussion
In the foregoing section, I have reviewed data on the simultaneous variation of the F/M ratio and incidence of anencephalics within populations. The question at issue is whether these two parameters vary together within populations, as they are known to do between populations. The evidence suggests that they do. It is strong in respect to secular variation and social class variation; good in respect to variation in maternal age, parity, and race; and suggestive in respect to seasonal and regional Emanuel et al. (1972) group.bmj.com on June 20, 2017 -Published by http://jmg.bmj.com/ Downloaded from variation. It seems reasonable, then, to think that this is a general principle (to which there may be exceptions).
The most obvious explanation of such a phenomenon is that some environmental factor causes predominantly female anencephalics, and that another factor affects the sexes almost equally. This latter factor might be genetic or environmental, but, to judge from Fig. 6 of Leck (1972) , it seems to be rather evenly distributed across populations. The same Fig. suggests that the environmental factor only operates substantially within Caucasian populations. This presumably is the explanation of the general failure to find environmental variation of anencephaly rates (for example, by season and class) in those populations in which the incidence is low. It is not, I suggest, that low incidence populations can only provide small samples in which, for reasons of statistical power, such variation is not detectable, but that the variation does not exist to a comparable extent in those populations anyway. Knox (1974) suggested that the sex ratio of anencephalics is dependent jointly on the incidence of anencephaly and the dizygotic twinning rate. In contrast, I have suggested (James, 1979) that the sex ratio of anencephalics is dependent on the incidence of anencephaly, regardless of the dizygotic twinning rate. The data reviewed above in relation to race and parity seem to favour my formulation rather than Knox's. However At present, a woman may avoid a second neural tube defect by the process of amniocentesis and selective abortion, but the fact that defective fetuses can be identified is no reason for relaxing efforts to diminish their incidence. An abortion can never be regarded more favourably than as the lesser of two evils. It seems unlikely that the unfortunate wisdomafter-the-event that followed the potato trials (Lemire et al., 1978) will indefinitely deter clinicians from further work in this field. So one may expect, and welcome the possibility, that clinical trials will sooner or later be initiated to test tea (Fedrick, 1974) and tinned meat (Knox, 1972 
